Human Skin Detection is one of the most applicable methods in human detection, face detection and so many other detections. These processes can be used in a wide spectrum like industry, medicine, security, etc. The objective of this work is to provide an accurate and efficient method to detect human skin in images. This method can detect and classify skin pixels and reduce the size of images. With the use of RGB and YCbCr color spaces, proposed approach can localize a Region Of Interest (ROI) that contains skin pixels. This method consists of three steps. In the first stage, pre-processing an image like normalization, detecting skin range from the dataset, etc. is done. In the second stage, the proposed method detects candidate's pixels that are in the range of skin color. In the third stage, with the use of a classifier, it decreases unwanted pixels and areas to decrease the accuracy of the region. The results show 97% sensitivity and 85% specificity for support vector machine classifier.
30
Introduction 31 Machine Vision (MV) is one of the most powerful and applicable approach in machine learning 32 and artificial intelligence. This approach can analyze images and extract the different features from 33 them. Machine vision applications include variety of areas like: Robot guidance, Food packed or 34 food packet checks, final inspection cells and many more. 35 Textural and spatial features are often exploited for skin modeling. In an approach proposed from 36 [1], they extracted the textural features from the skin probability maps rather than from the 37 luminance channel. The skin detection outcome was achieved by exploiting the discriminative 38 features extracted from the skin probability maps and using them in a spatial analysis scheme. 81 Skin detection is one the most important approach in image processing. Detecting and finding skin 82 regions can help us in human detection, face detection, localization, etc. Our aim is to detect 83 regions, which consist of skin pixels and cutting this area for classification steps. In the 84 classification step, support vector machine (SVM) is used to classify the new area pixels as skin 85 and non-skin. This method can detect and localize the human skin region in images. All steps of 86 proposed method are shown in Fig. 1 . 87 Color constancy is the ability to perceive colors of objects, invariant to the color of the light source. 88 An object in a different light source can have different views. In Fig. 2 , the same flower is depicted 89 four times, each rendered under a different light source. 90 Therefore, we need an image which is invariant to variant color illuminations. To deal with this 91 issue, color normalization method is used in the proposed model. In this method, the normalization 92 is used in grey level in each channel. The grey world normalization makes the assumption that 93 changes in the lighting spectrum can be modeled by three constant factors applied to the Red, 94 Green and Blue (RGB) channels of color.
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96 Where is . This method can help us to detect true colors in different situations max (
98 Then, the RGB images must convert to YCbCr color space. Before the start of the proposed model, 99 these conversions to color spaces describe shortly that RGB is a color space originated from 100 cathode-ray tube (CRT) displays. It describes the color as a combination of three colored rays (red, 101 green and blue). Some complexities like high correlation between channels, mixing of 102 chrominance and luminance data make RGB not a very favorable choice for color analysis and 103 color-based recognition algorithms. YCbCr is an encoded nonlinear RGB signal that is used by 104 European television studios. YCbCr is used to separate a luma signal (Y) and two chroma 105 components ( and ) [15] . In Formula 2, the transformation of RGB to YCbCr is formulated. 119 This range will be used for nominated skin color in continuation. All pixels that are in this range 120 may be selected and classified as pixels of image for skin and non-skin.
122 With this , there will be an almost big region that contains the skin pixels. Now, we can 123 calculate the Region Of Interest (ROI). The obtained ROI contains a region that has at least one 124 skin pixel. 125 In the next stage, we create a dataset of features that exist in skin and non-skin images in RGB 126 color space. This dataset contains 3369 positive and 500 negative images. We extract features like: 127 mean, standard deviation and skewness of images for each channel. 128 The three-color moments can then be defined as (Formulas 4-6): Figure 4 is shown as a short view of the non-skin dataset, which is 165 collected from the internet. All of the samples' resolution is .
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166 If the image in RGB color space normalizes, then we can find the area of color space that consists 167 of the human skin color. For this purpose, Formula 9 is used to do normalization of the RGB color 168 space. 
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+ + = 1⟹ = 1 --172 Now, we can plot the RGB skin and non-skin color space with r and g axes. Figure 5 is illustrated 173 in this area. 174 In the next stage, we use an image that contains the skin region for grey world normalization. We 175 use a random image from the Internet. In Figure 6 , we can see the original image and the 176 normalization of the image. 177 After that, the grey world normalization of image is converted into the YCbCr color space, and we 178 can take a mask of it from the skin and non-skin human color . Now, with the help of morphological 179 operators we can fill the small holes (Fig. 7) . 180 Filled images should be filtered with median filters in this stage (Fig. 8) and the next morphological 181 closing of the opening of the image is calculated. These works can reduce the white small holes. 182 Now, the region contains skin, as well as small unwanted regions and noises. For clearing this 183 noise, the regions that have the great area with 900 pixels are selected. To continue, the selected 184 area which contains the skin is shown as (Fig. 9) . 185 For the next step, this method reduces the image to an area with skin pixels, but it contains many 186 other objects. For solving this problem and showing the exact skin region, we use SVM to classify 187 it as skin and non-skin. The result of SVM classifier has high accuracy, and it only contains the 188 skin pixels. The result is shown in Fig. 10 . 
